US009135036B2
a2y United States Patent (10) Patent No.: US 9,135,036 B2
Upton 45) Date of Patent: Sep. 15, 2015
(54) METHOD AND SYSTEM FOR REDUCING (58) Field of Classification Search
COMMUNICATION DURING VIDEO None
PROCESSING UTILIZING MERGE See application file for complete search history.
BUFFERING (56) References Cited
(75) Inventor: Eben Upton, Cambridge (GB) US PATENT DOCUMENTS
(73) Assignee: Broadcom Corporation, Irvine, CA 5,854,637 A * 12/1998 Sturges ........ccoceeeennen, 345/542
(US) 6,337,689 Bl1* 1/2002 Hochmuthetal. .......... 345/522
7,284,262 B1* 10/2007 Mernicetal. ................... 725/142
S - - - - 2006/0123400 Al* 6/2006 Burdicketal. ............... 717/130
( ® ) NOtlce SU'b.]eCt tO any dlSClalmer? the term Ofth‘ls 2008/0276252 A 3 11/2008 PfOIlOVOSt et 1':11 “““““““ 719/3 18
patent 1s extended or adjusted under 35 2008/0303835 Al* 12/2008 Swiftetal. ......cccco... 345/522

U.S.C. 1534(b) by 849 days. ' '
* cited by examiner

(21)  Appl. No.: 12/686,800 Primary Examiner — Sisley Kim

(22) Filed: Jan. 13. 2010 (74) Attorney, Agent, or Firm — Brinks Gilson & Lione
_ o (37) ABSTRACT
(65) Prior Publication Data . L .
Methods and systems for reducing communication during
US 2011/0154377 Al Jun. 23, 2011 video processing utilizing merge buffering are disclosed and

[

may include storing data 1n a merge builer 1n the virtual
machine layer 1n a wireless communication device compris-
Related U.S. Application Data ing a virtual machine user layer, a native user layer, a kernel,

.. L and a video processor. The data may then be communicated to
(60)  Provisional application No. 61/287,269, filed on Dec. the kernel via the native user layer. The data may include

17, 200. function calls, and/or kernel remote procedure calls. The data
p
(51) Int.Cl may be communicated via an application programming inter-
GO6F 3/00 (2006.01) face. Video data may .be processed 1n the video processor
GO6F 9/455 (2006.01) based on the communicated data. The virtual machine user
GOGF 9/54 (2006.O:L) layer may include a Java environment. The data may be
(52) U.S.Cl ) communicated to the kernel via the native user layer when the
CPC - GO6F 9/45533 (2013.01); GOGF 9/544 merge butler 1s full or filled to a predetermined level.
(2013.01) 27 Claims, 5 Drawing Sheets
.
-
102
L T
Baseband
e 84— e LR
142 Host interface
128 I<——>| Baseband -128 F!:FH_F
| Memﬂf - [gm‘gal‘sﬁ 157 —— EPI master I =
158 — UART Keypad
g —GPIO . 128
WPU | 'IEF‘LJ_|
S| =
103C F;EIIEE
e | | we
E_Sgit::? 114 [ JE_%G e '
Enmdﬂglﬁemde
Video szg;sing Corg
o ——i| PH“E’TZ v iplay | r: vy
162
To USB Devica/PC w— ”EE‘“E
. 2™ Ext
On-ehP Memory IF e—L—» EUE&ED ‘
XTAL PLL 104 0w i
107 109
Ext m;;;ry fiy " ! ] DpHDE&FIash
Camera 1 - 120 I \%ﬂ:}:ﬁ;nﬂgt " D 140
Camera 2- 122 = ntloding SMPS

106




US 9,135,036 B2

Sheet 1 of S

Sep. 15, 2015

U.S. Patent

di0l
ado x4

ULOlL

TN
weo Jx3

Ut ol
WEINRE

AL01
od

Vi Old
EGOL
BLOI SLOI
eI/oWE) olpny oL
10SS32014
“~ 3
MH HO) qL0l
B JNIA aien
oL01L
L0 edAs
ag P A
9l0l 4y P10l
| euusjuy




U.S. Patent Sep. 15, 2015 Sheet 2 of 5 US 9,135,036 B2

100
4
—-102
% | R
| Baseband
Flash - 124 "
Audio — 108 « »l| 12S/PCM/ 132
SLIMBus I/F e
142
Haost interface
129 o Baseband -126 <4—» RF
Memorystick < »|| Memorystick i 130
110 Pra I/F - 144 157 SPI master
15— UART Keypad
__—GPIO 128
164~
VPU GPU
SDCard or < )‘ SDIO IF 103A 1038
MMC - 112
146
ISP Pipgel:l:;ne
1056 103D
DMA JPEG
B SgeAbP:Jg 1 « (RSN = -
- T 148 Video
Encode/Decode
103F
Video Processing Core
103
PAL/NTSC/ Diepl
Isplay
Ta TV - HD,T;'UOUt Controller 41 Main LCD - 134
I 162
To USB Device/PC -ag——p- USB1 582'5”9
- 2™ Ext Sub LCD
O;—:ﬁ:lp Memory I/F < " 136
104 150
XTAL PLL —
107 109
Ext memory I/F Optional Flash
158 € 13
Camera 1 - 120 ™| Multi-Format
Camera I/F P SDREAM - 140
154
Camera 2 - 122 > 129 ‘Analog blocks
including SMPS
106
\. /

FIG. 1B



US 9,135,036 B2

Sheet 3 of 5

Sep. 15, 2015

U.S. Patent

¢ 9Ol

S SR
S S

702 - layng =019\

1

g10¢ — Aeuqi

V1 0Z — uoljeolddy

- €0

G0¢

> JOSS82014 08pIA

-

S CIIE)Y

002



US 9,135,036 B2

Sheet 4 of S

Sep. 15, 2015

U.S. Patent

¢ Old

S S
|»|

910z — Aeiqgi

V102 — uoneo|ddy

|#|

COF - 1ayng abiay

groc — Adelqr

V1 0¢€ — uoneolddy

10SS82014 OBPIA

- TOZ — U]

- 1.0¢ - (BAIIBN) J8sNn

> T0E = (INA) 188N

-

00¢



¥ Ol

US 9,135,036 B2

dY IBUISH EIA 108$820.4d

03PIA 0] PBIEIIUNWLIOD ~60b
S||EQ UOIIDUNL/SPUBWIWOY)
\f,
T
&
\f
— J|BAB| PaJISap Je
> ON 10 ||} Ja)ng abiaN
_—
9
L0V
\f,
.
— PUBWLLOD
2._., $2.0]s Japng abiay G0
\f,
Y
s }
W
.

10ss820.1d 08pIA 10}
p| JUBLUUOIIAUS A UI pajelsush ~~ 0V
S||€2 UOIJDUN}/SPUBWILLOY

!

L
- —_ —_—

. s
£

. uels b

..,.J.
e— -

U.S. Patent



US 9,135,036 B2

1

METHOD AND SYSTEM FOR REDUCING
COMMUNICATION DURING VIDEO
PROCESSING UTILIZING MERGE
BUFFERING

CROSS-REFERENCE TO RELATED
APPLICATIONS/INCORPORATION BY
REFERENCE

This application makes reference to, claims the benefit
from, and claims priority to U.S. Provisional Application Ser.

No. 61/287,269 filed on Dec. 17, 2009.

FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

[Not Applicable]

MICROFICHE/COPYRIGHT REFERENC.

(L]

[Not Applicable]

FIELD OF THE INVENTION

Certain embodiments of the invention relate to data pro-
cessing. More specifically, certain embodiments of the mnven-
tion relate to a method and system for reducing communica-
tion during video processing utilizing merge butlering.

BACKGROUND OF THE INVENTION

Cellular phones have developed from large, expensive
devices typically used only in cars and owned only by a small
percentage of the population to miniature, inexpensive, and
ubiquitous handheld devices, and are even more numerous
than traditional land-line phones 1n countries with poor fixed-
line infrastructure. Cellular handsets have incorporated text
messaging, email, connection to the Internet, PDAs, and even
personal computers.

Cellular phones with built-in cameras, or camera phones,
have become prevalent in the mobile phone market, due to the
low cost of CMOS 1mage sensors and the ever increasing
customer demand for more advanced cellular phones. As
camera phones have become more widespread, their useful-
ness has been demonstrated 1n many applications, such as
casual photography, but have also been utilized 1n more seri-
ous applications such as crime prevention, recording crimes
as they occur, and news reporting.

Historically, the resolution of camera phones has been
limited in comparison to typical digital cameras, due to the
fact that they must be integrated into the small package of a
cellular handset, limiting both the 1image sensor and lens size.
In addition, because of the stringent power requirements of
cellular handsets, large image sensors with advanced process-
ing have been difficult to incorporate. However, due to
advancements 1n 1image sensors, multimedia processors, and
lens technology, the resolution of camera phones has steadily
improved rivaling that of many digital cameras.

Further limitations and disadvantages of conventional and
traditional approaches will become apparent to one of skill in
the art, through comparison of such systems with the present
invention as set forth 1in the remainder of the present applica-
tion with reference to the drawings.

BRIEF SUMMARY OF THE INVENTION

A system and/or method for reducing communication dur-
ing video processing utilizing merge builering, substantially
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2

as shown 1n and/or described 1n connection with at least one

of the figures, as set forth more completely 1n the claims.
Various advantages, aspects and novel features of the

present invention, as well as details of an 1llustrated embodi-

ment thereol, will be more tully understood from the follow-
ing description and drawings.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

FIG. 1A 1s a block diagram of an exemplary mobile mul-
timedia system that utilizes a merge bufler, 1n accordance
with an embodiment of the invention.

FIG. 1B 1s a block diagram of an exemplary mobile mul-
timedia processor that utilizes a merge bufler in a virtual
machine environment 1 a mobile multimedia system, in
accordance with an embodiment of the invention.

FIG. 2 1s a block diagram of an exemplary hierarchy dia-
gram for video processing applications 1n a mobile multime-
dia system, in accordance with an embodiment of the mnven-
tion.

FIG. 3 1s a block diagram of an exemplary hierarchy dia-
gram for video processing applications with user and virtual
machine layers in a mobile multimedia system, 1n accordance
with an embodiment of the invention.

FIG. 4 1s a block diagram of exemplary steps in a virtual
machine merge buller process in a mobile multimedia sys-
tem, 1n accordance with an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Certain aspects of the mnvention may be found 1n a method
and system for reducing communication during video pro-
cessing utilizing merge butlering. Exemplary aspects of the
invention may comprise storing data 1n a merge builer 1 a
virtual machine user layer in a wireless communication
device. The wireless communication device may comprise
the virtual machine user layer, a native user layer, a kernel,
and a video processor. The stored data may be communicated
to the kernel via the native user layer. The stored data may be
communicated to the kernel utilizing function calls, and/or
kernel remote procedure calls. An application programming
interface may be utilized to communicate the stored data to
the kernel. Video data may be processed by the video proces-
sor based on the communicated data. The virtual machine
user layer may comprise a Java environment. The data may be
communicated to the kernel via the native user layer when the
merge bufler 1s full or reaches a dynamically or statically
determined level.

FIG. 1A 1s a block diagram of an exemplary mobile mul-
timedia system that utilizes a merge builer, 1n accordance
with an embodiment of the mvention. Referring to FIG. 1A,
there 1s shown a mobile multimedia system 1035 that com-
prises a mobile multimedia device 105a, a TV 10174, a PC
1014, an external camera 101, external memory 1017, and
external LCD display 101p. The mobile multimedia device
105a may be a cellular telephone or other handheld commu-
nication device. The mobile multimedia device 105a may
comprise a mobile multimedia processor (MMP) 1014, an
antenna 1014, an audio block 101s, a radio frequency (RF)
block 101e, a baseband processing block 101/, an LCD dis-
play 1015, a keypad 101c¢, and a camera 101g.

The MMP 101a may comprise suitable circuitry, logic,
interfaces, and/or code that may be operable to perform video
and/or multimedia processing for the mobile multimedia
device 105a. The MMP 101a may also comprise integrated
interfaces, which may be utilized to support one or more
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external devices coupled to the mobile multimedia device
105a. For example, the MMP 101a may support connections
toa TV 101/, an external camera 101, and an external LCD
display 101p.

The processor 101J may comprise suitable circuitry, logic,
interfaces, and/or code that may be operable to control pro-
cesses 1n the mobile multimedia system 1035. Although not
shown 1 FIG. 1A, the processor 101J may be coupled to a
plurality of devices 1in and/or coupled to the mobile multime-
dia system 105.

In operation, the mobile multimedia device may receive
signals via the antenna 101d. Received signals may be pro-
cessed by the RF block 101e and the RF signals may be
converted to baseband by the baseband processing block
101/. Baseband signals may then be processed by the MMP
101a. Audio and/or video data may be received from the
external camera 101m, and 1mage data may be recerved via
the integrated camera 101g. During processing, the MMP
101a may utilize the external memory 1017 for storing of
processed data. Processed audio data may be communicated
to the audio block 101s and processed video data may be
communicated to the LCD 1015 and/or the external LCD
101p, for example. The keypad 101c may be utilized for
communicating processing commands and/or other data,
which may be required for audio or video data processing by
the MMP 101a.

In an embodiment of the invention, the MMP 101 A may be
operable to process video signals recerved wirelessly or gen-
erated by an 1maging sensor, such as the external camera
101 or the camera 101g, for example. The MMP 101a may
process video signals within a plurality of video modules, as
described further with respect to FIG. 1B.

In an embodiment of the invention, the processor 101J may
be operable to configure a virtual machine (VM) layer within
an operating system, such as a Java or Microsolt common
language runtime (CLR) environment. In addition, the pro-
cessor 101J may support a native user layer comprising appli-
cation and library domains, which may interact with the VM
layer. The native user layer may communicate with hardware
within the processor 101; and the MMP 101a via a kernel
remote procedure call (RPC) within the processor 1017 oper-
ating system.

In general, the user layer may also comprise implementa-
tions of various other standard and third-party APIs such as
the Java MIDP (mobile information device profile). An appli-
cation programming interface (API) such as open graphics
library (GL) 3D may be utilized for video processing in the
MMP 101a, and accessed by the user domain.

Communication between the VM layer and hardware via
the kernel RPC may be costly 1n terms of latency, time, and
power, for example. In an embodiment of the mnvention, com-
mands to be communicated from the VM layer to hardware,
such as the MMP 101a, may be buflered 1n a merge butler in
the VM layer, such that commands may be communicated out
of the bulfer when full, or at a desired level, such that more
eificient use of the kernel RPC may be enabled. The merge
buifer may comprise memory registers in the processor 1017,
for example. This 1s described further with respect to FIGS. 3
and 4.

In an embodiment of the invention, the VM environment
may comprise the client-side implementation of the graphics
API, such as OpenGL ES or OpenVG, for example. For each
tfunction defined by the API specification, there may be a
function with an appropriate name that may pack the function
arguments 1nto the merge builer and optionally trigger trans-
mission of the merge buller to the native code and subse-
quently to the kernel and the video processor. For a small
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number of functions there may also be code that 1s executed in
order to retrieve a return value from the video processor via
the kernel and native code, or to store away parameter values
which are only meaningtul in the user layer, such as vertex
attribute pointers for example, which may be used when
processing future calls.

FIG. 1B 1s a block diagram of an exemplary mobile mul-
timedia processor that utilizes a merge bufler in a virtual
machine environment 1 a mobile multimedia system, in
accordance with an embodiment of the ivention. Referring
to FIG. 1B, the mobile multimedia processor 102 may com-
prise suitable logic, circuitry, interfaces, and/or code that may
be operable to perform video and/or multimedia processing,
for handheld multimedia products. For example, the mobile
multimedia processor 102 may be designed and optimized for
video record/playback, mobile TV and 3D mobile gaming,
utilizing integrated peripherals and a video processing core.
The mobile multimedia processor 102 may comprise a video
processing core 103 that may comprise a graphic processing
unit 103B, an 1image sensor pipeline (ISP) 103C, a 3D pipe-
line 103D, a direct memory access (DMA) controller 163, a
joint photographic experts group (JPEG) encoding/decoding
module 103E, and a video encoding/decoding module 103F.
The mobile multimedia processor 102 may also comprise
on-chip RAM 104, an analog block 106, a phase locked loop
(PLL) 109, an audio intertace (I'F) 142, a memory stick I/F
144, SD card I'F 146, JTAG I'F 148, TV output I'F 150, USB
I/F 152, a camera I/F 154, and a host I/F 129. The mobile
multimedia processor 102 may further comprise a serial
peripheral interface (SPI) 157, a umversal asynchronous
receiver/transmitter (UART) I/F 159, general purpose input/
output (GPIO) pins 164, a display controller 162, an external
memory I/F 158, and a second external memory I/F 160.

The video processing core 103 may comprise suitable
logic, circuitry, interfaces, and/or code that may be operable
to perform video processing of data. The on-chip RAM 104
and the SDRAM 140 comprise suitable logic, circuitry and/or
code that may be adapted to store data such as image or video
data.

The image sensor pipeline (ISP) 103C may comprise suit-
able circuitry, logic and/or code that may be operable to
process image data. The ISP 103C may perform a plurality of
processing techniques comprising filtering, demosaic, lens
shading correction, defective pixel correction, white balance,
image compensation, Bayer interpolation, color transforma-
tion, and post filtering, for example. The processing of image
data may be performed on variable sized tiles, reducing the
memory requirements of the ISP 103C processes.

The GPU 103B may comprise suitable logic, circuitry,
interfaces, and/or code that may be operable to offload graph-
ics rendering from a general processor, such as the processor
101;, described with respect to FIG. 1A. The GPU 103B may
be operable to perform mathematical operations specific to
graphics processing, such as texture mapping and rendering
polygons, for example.

The 3D pipeline 103D may comprise suitable circuitry,
logic and/or code that may enable the rendering of 2D and 3D
graphics. The 3D pipeline 103D may perform a plurality of
processing techniques comprising vertex processing, raster-
1zing, early-Z culling, interpolation, texture lookups, pixel
shading, depth test, stencil operations and color blend, for
example.

The JPEG module 103E may comprise suitable logic, cir-
cuitry, interfaces, and/or code that may be operable to encode
and/or decode JPEG 1mages. JPEG processing may enable
compressed storage of 1images without significant reduction
in quality.
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The video encoding/decoding module 103F may comprise
suitable logic, circuitry, interfaces, and/or code that may be
operable to encode and/or decode 1mages, such as generating
full 108p HD wvideo from H.264 compressed data, for
example. In addition, the video encoding/decoding module
103F may be operable to generate standard definition (SD)
output signals, such as phase alternating line (PAL) and/or
national television system committee (NTSC) formats.

The analog block 106 may comprise a switch mode power
supply (SMPS) block and an on-chip SMPS controller, which
may be adapted to generate its core voltage. The core voltage
may be software programmable according to, for example,
speed demands on the mobile multimedia processor 102,
allowing further control of power management.

The PLL 109 may comprise suitable logic, circuitry, inter-
faces, and/or code that may be operable to generate suitable
clock signals, 195 kHz-200 MHz clocks, for example, for
external devices. A crystal, the XTAL 107, may be coupled to
the PLL 109 and may comprise suitable logic, circuitry, inter-
faces, and/or code that may be operable to generate a stable
oscillating signal for the PLL 109. Other voltages and clock
speeds may be utilized depending on the type of application.
The mobile multimedia processor 102 may comprise a plu-
rality of power modes of operation, for example, run, sleep,
hibernate and power down.

The audio block 108 may comprise suitable logic, cir-
cuitry, iterfaces, and/or code that may be operable to com-
municate with the mobile multimedia processor 102 via an
inter-IC sound (I°S), pulse code modulation (PCM), serial
low-power inter-chip media bus (SLIMBus), audio codec
(AC’97) mterface 142 or other suitable interface, for
example. In the case of an AC’97 and/or an I°S interface,
suitable audio controller, processor and/or circuitry may be
operable to provide AC’97 and/or I°S audio output respec-
tively, 1n either master or slave mode. In the case of the PCM
interface, a suitable audio controller, processor and/or cir-
cuitry may be operable to allow input and output of telephony
or high quality stereo audio. The PCM audio controller, pro-
cessor and/or circuitry may comprise independent transmuit
and recerve first 1n first out (FIFO) bulfers and may use DMA
to further reduce processor overhead. The audio block 108
may also comprise an audio 1n, audio out port and a speaker/
microphone port (not illustrated 1n FIG. 1B).

The mobile multimedia device 100 may comprise at least
one portable memory mput/output (I/0) block. In this regard,
the memorystick block 110 may comprise suitable logic,
circuitry, interfaces, and/or code that may be operable to
communicate with the mobile multimedia processor 102 via
a memorystick pro interface 144, for example. The SD card
block 112 may comprise suitable logic, circuitry, interfaces,
and/or code that may be operable to communicate with the
mobile multimedia processor 102 via a SD input/output (I/O)
interface 146, for example. A multimedia card (MMC) may
also be utilized to communicate with the mobile multimedia
processor 102 via the SD input/output (I/0) intertace 146, for
example. The mobile multimedia device 100 may comprise
other portable memory I/O blocks such an xD I/0O card.

The debug block 114 may comprise suitable logic, cir-
cuitry, interfaces, and/or code that may be operable to com-
municate with the mobile multimedia processor 102 via a
joint test action group (JTAG) interface 148, for example. The
debug block 114 may be adapted to access the address space
of the mobile multimedia processor 102 and may be adapted
to perform boundary scan via an emulation interface. Other
test access ports (TAPs) may be utilized. The phase alternate
line (PAL )/national television standards committee (NTSC)/
high definition multimedia interface (HDMI) TV output I/F
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150 may be utilized for communication with a TV, and the
umversal serial bus (USB) 1.1, or other variant thereot, slave
port I'F 152 may be utilized for communications with a PC,
for example. The cameras 120 and/or 122 may comprise
suitable logic, circuitry, interfaces, and/or code that may be
operable to generate images and/or HD video and communi-
cate with the mobile multimedia processor 102 via a multi-
format raw/CCIR 601 camera interface 154, for example. The
camera I/F 154 may also be used, for example, to connect the
mobile multimedia processor 102 to a mobile TV front end.

The mobile multimedia processor 102 may also comprise a
plurality of senial interfaces, such as the USB I/'F 152, a serial
peripheral interface (SPI) 157, and a universal asynchronous
receiver/transmitter (UART) I/F 159 for Bluetooth or IrDA.
The SPImaster interface 157 may comprise suitable circuitry,
logic, and/or code and may be utilized to control 1mage sen-
sors. Two chip selects may be provided, for example, and the
interface may work 1n a polled mode with interrupts or via a
DMA controller 163. In another embodiment of the inven-
tion, the interface may comprise an 120 sernial interface,
which may be used for camera control, for example. Further-
more, the mobile multimedia processor 102 may comprise a
plurality of general purpose IO (GPIO) pins 164, which may
be utilized for user defined I/0 or to connect to the internal
peripherals. The display controller 162 may comprise suit-
able circuitry, logic, and/or code and may be adapted to sup-
port multiple displays with VGA, XGA, or HD resolution, for
example, and to handle 8/9/16/18/24-bit video data.

The mobile multimedia processor 102 may be connected
via an 8/16 bit parallel host mterface 129 to the same bus as
the baseband processing block 126 uses to access the base-
band tlash memory 124. The host interface 129 may be oper-
able to provide two channels with independent address and
data registers through which a host processor may read and/or
write directly to the memory space of the mobile multimedia
processor 102. The baseband processing block 126 may com-
prise suitable logic, circuitry, interfaces, and/or code that may
be operable to convert RF signals to baseband and commu-
nicate the baseband processed signals to the mobile multime-
dia processor 102 via the host interface 129, for example. The
RF processing block 130 may comprise suitable logic, cir-
cuitry, interfaces, and/or code that may be operable to recerve
signals via the antenna 132 and to communicate RF or IF
signals to the baseband processing block 126. The host inter-
face 129 may comprise a dual software channel with a power
eificient bypass mode.

Themain LCD 134 may be adapted to recerve data from the
mobile multimedia processor 102 via a display controller 162
and/or from a second external memory interface 160, for
example. The display controller 162 may comprise suitable
logic, circuitry and/or code and may be adapted to drive an
internal TV out function or be connected to arange of LCD’s.
The display controller 162 may be adapted to support a range
of screen buifer formats and may utilize direct memory
access (DMA) to access the butifer directly and increase video
processing efficiency of the video processing core 103. Both
NTSC and PAL raster formats may be generated by the dis-
play controller 162 for driving the TV out. Other formats, for
example SECAM, may also be supported.

The display controller 162 may recognize and communi-
cate a display type to the DMA controller 163. In this regard,
the DMA controller 163 may fetch video data 1in an interlaced
or non-1nterlaced fashion for communication to an interlaced
or non-1nterlaced display coupled to the mobile multimedia
processor 102 via the display controller 162.

The subsidiary LCD 136 may comprise suitable logic,
circuitry and/or code that may be adapted to communicate
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with the mobile multimedia processor 102 via a second exter-
nal memory interface 160, for example. The subsidiary LCD
136 may be used on a clamshell phone where the main LCD
134 may be 1nside and the subsidiary LCD 136 may be out-
side, for example. The mobile multimedia processor 102 may
comprise a RGB external data bus. The mobile multimedia
processor 102 may be adapted to scale image output with
pixel level interpolation and a configurable refresh rate.

The optional flash memory 138 may comprise suitable
logic, circuitry, interfaces, and/or code that may be operable
to communicate with the mobile multimedia processor 102
via an external memory interface 158, for example. The
SDRAM 140 may comprise suitable logic, circuitry and/or
code that may be adapted to receive data from the mobile
multimedia processor 102 via the external memory interface
158, for example. The external memory UF 158 may be
utilized by the mobile multimedia processor 102 to connect to
the SDRAM 140, SRAM, Flash memory 138, and/or external
peripherals, for example. Control and timing information for
the SDRAM 140 and other asynchronous devices may be
configurable by the mobile multimedia processor 102.

The mobile multimedia processor 102 may further com-
prise a secondary external memory interface 160 to connect to
memory-mapped LCD and external peripherals, for example.
The secondary external memory interface 160 may comprise
suitable circuitry, logic, and/or code and may be utilized to
connect the mobile multimedia processor 102 to slower
devices without compromising the speed of external memory
access. The secondary external memory intertace 160 may
provide 16 data lines, for example, 6 chip select/address lines,
and programmable bus timing for setup, access and hold
times, for example. The mobile multimedia processor 102
may be adapted to provide support for NAND/NOR Flash
including NAND boot and high speed direct memory access
(DMA), for example. The mobile multimedia processor 102
may be operable to store data 1n a merge builer 1n a virtual
machine environment, and enable the interaction/operation
with the various functional layers, such as the virtual machine
user layer, a native user layer, and kernel.

In operation, the mobile multimedia processor 102 may be
adapted to receive 1mages or video from external cameras,
such as cameras 120 and/or 122, and process the images via
the video processor 103, the ISP 103C and the 3D pipeline
103D. The video processing core 103 may be integrated on a
chip and may be located 1n regions of the chip with different
power vs. performance characteristics.

In an embodiment of the invention, the mobile multimedia
processor 102 may be operable to operate within a virtual
machine (VM) environment within an operating system, such
as a Java or Microsolt common language runtime (CLR)
environment. The VM environment may be configured by a
processor, such as the processor 101;. In addition, the proces-
sor 101J may support a native user environment comprising
application and library domains, which may interact with the
VM environment. The native user domain may communicate
with hardware within the processor 1015 and the MMP 1014
via a kernel remote procedure call (RPC) within the processor
101; operating system.

An application programming interface (API) such as open
graphics library (GL) 3D may be utilized for video processing
in the mobile multimedia processor 102, and accessed by the
user domain. Communication between the VM environment
and hardware via the kernel RPC may be costly 1n terms of
latency, time, and power, for example. In an embodiment of
the invention, commands to be communicated from the VM
environment to hardware, such as the mobile multimedia
processor 102, may be butlered 1n a merge butfer in the VM
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environment, such that commands may be communicated out
of the bulier when full, or at a desired level, such that more
eificient use of the kernel RPC may be enabled.

FIG. 2 1s a block diagram of an exemplary hierarchy dia-
gram for video processing applications 1in a mobile multime-
dia system, in accordance with an embodiment of the mnven-
tion. Referring to FIG. 2, there 1s shown a user layer 201, a
kernel 203, and a video processor 205. The user layer 201 may
comprise an application layer 201 A and a library layer 201B.

The user layer 201 may comprise suitable circuitry, logic,
interfaces, and/or code that may be operable to receive and
process user-requested tasks, via applications and libraries in
the application layer 201 A and the library layer 201B. The
solid and dashed lines indicate interfaces that may be crossed
when moving between layers, wherein the solid lines indicate
a more “costly” transition in terms of time, power, and
latency, for example, as they may 1involve the physical trans-
mission ol data between chips, such as from the processor
101; to a video processor on another chip such as the video
processing core 103, for example.

The application layer 201 A may comprise suitable cir-
cuitry, logic, interfaces, and/or code that may be operable to
provide a user interface to applications operating within the
user layer 201. The applications may be 1solated from hard-
ware such as the video processor 205 by the kernel 203.
Accordingly, applications executing in the application layer
201 A may be 1solated from other running applications since
they may not have direct access to hardware.

The library layer 201B may comprise suitable circuitry,
logic, interfaces, and/or code that may be operable to manage
the flow of data from the application layer 201 A and the
kernel 203. The library layer 201B may perform a user-to-
kernel RPC, for example, in nstances where requests/tasks
are to be transmitted to the kernel 203.

The kernel 203 may comprise suitable circuitry, logic,
interfaces, and/or code that may be operable to provide com-
munication of data between the user layer 201 and the video
processor 205. The kernel 203 may comprise a remote pro-
cedure call (RPC) that may enable communication between
the library layer 201B and the kernel 203, and subsequently to
the video processor 205. The kernel 203 may comprise the
layer that interfaces with hardware, such as in the video
processor 205, so that programs in the user layer 201 cannot
harm other processes, as may happen 1f user applications
were given direct hardware access.

The video processor 205 may comprise suitable circuitry,
logic, interfaces, and/or code that may be operable to recerve
task requests from the kernel layer 203. The video processor
205 may represent processes that run on video processor
hardware such as the video processing core 103, described in
FIG. 1B. The video processor 205 may execute programs that
utilize an application programming interface (API) such as
open graphics library (GL) 3D.

The merge buiter 207 may comprise suitable circuitry,
logic, interfaces, and/or code that may be operable to store
function calls or other task requests to be communicated to
the kernel 203.

In operation, one or more OpenGL 3D functions, such as a
cull mode, GL front, for example, may be requested by an
application or library 1n the user layer 201. The library layer
201B would conventionally perform a user to kernel RPC, but
in an embodiment of the invention, due to the cost of crossing
the boundary between the user layer 201 and the kernel 203,
the requests may be stored in the merge buffer 207. The
requests may be stored until the merge buifer 1s full or has
reached a desired level. In this manner, the costly task of
crossing the boundaries between the user layer 201 and the
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kernel 203 as well as between the kernel 203 and the video
processor 205, may be minimized by reducing the number of
crossings. In instances where the merge butier 207 1s full or
has reached a predetermined level, an application program-
ming interface (API) may be utilized to communicate the
stored data to the kernel 203.

FIG. 3 1s a block diagram of an exemplary hierarchy dia-
gram for video processing applications with user and virtual
machine layers 1n a mobile multimedia system, 1n accordance
with an embodiment of the mvention. Referring to FIG. 3,
there 1s shown the application layer 201, the kernel 203, and
the video processor 2035, which may be as described with
respectto FIG. 2. There 1s also shown a virtual machine (VM)
user layer 301 comprising an application layer 301 A, a library
layer 301B, and a merge butier 303.

The VM user layer 301 may comprise suitable circuitry,
logic, interfaces, and/or code that may be operable to execute
user applications in a VM environment. For example, the VM
user laver 301 may operate 1n a Java, C Sharp, or other
Java-like environment. The library layer 301B may be sub-
stantially similar to the library layer 201B, but operating
under a VM environment.

The merge butlter 303 may be substantially similar to the
merge buifer 207, but located in the VM environment of the
library layer 301B.

In operation, the interface between the VM user layer 301
and the user layer 201 may be costly to cross 1n terms of time,
power, and latency, for example. Accordingly, requests for
hardware processing, such as in the video processor 205 and
communicated from the VM application layer 301 A, may be
stored 1n the merge buifer 303. When the merge buttfer 303 1s
tull or filled to a desired level, the stored requests may be
communicated to the user layer 201 and subsequently com-
municated to the video processor 205 via the kernel 203 using,
a user to kernel RPC.

FI1G. 4 1s a block diagram of exemplary steps 1n a virtual
machine merge buifer process in a mobile multimedia sys-
tem, 1n accordance with an embodiment of the invention.
Referring to FIG. 4, 1n step 403, after start step 401, com-
mands in the VM user layer 301 may be generated by one or
more applications i the VM application layer 301 A. In step
405, the commands or function calls may be communicated to
the merge buifer 303. In step 407, 1n instances where the
merge buifer 303 1s not full or at a suitably high level, the
process may return to step 403, for the generation of more
commands or function calls. In step 407, in instances where
the merge builer 303 1s full, the exemplary steps may proceed
to step 409 where the commands and/or function calls may be
communicated to the video processor 2035 via the user layer
201 and the kernel 203, followed by end step 411.

In an embodiment of the imvention, a method and system
are provided for reducing communication during video pro-
cessing utilizing merge butlering and may comprise storing
data in a merge buffer 207/303 1n a virtual machine user layer
301 1n a wireless communication device 105. The wireless
communication device 105 may comprise the virtual machine
user layer 301, a native user layer 201, a kernel 203, and a
video processor 103/205. The stored data may be communi-
cated to the kernel 203 via the native user layer 201. The
stored data may be commumicated to the kernel utilizing
function calls, and/or kermel remote procedure calls. An
application programming interface may be utilized to com-
municate the stored data to the kernel. Video data may be
processed by the video processor 103/205 based on the com-
municated data. The virtual machine user layer 301 may
comprise a Java environment. The data may be communi-
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cated to the kernel 203 via the native user layer 201 when the
merge bufler 207/303 1s tull or reaches a dynamically or
statically determined level.

Certain embodiments of the mvention may comprise a
machine-readable storage having stored thereon, a computer
program having at least one code section for reducing com-
munication during video processing utilizing merge butler-
ing, the at least one code section being executable by a
machine for causing the machine to perform one or more of
the steps described herein.

Accordingly, aspects of the invention may be realized 1n
hardware, software, firmware or a combination thereof. The
invention may be realized in a centralized fashion in at least
one computer system or 1n a distributed fashion where differ-
ent elements are spread across several interconnected com-
puter systems. Any kind of computer system or other appa-
ratus adapted for carrying out the methods described herein 1s
suited. A typical combination of hardware, software and firm-
ware may be a general-purpose computer system with a com-
puter program that, when being loaded and executed, controls
the computer system such that it carries out the methods
described herein.

One embodiment of the present imvention may be 1mple-
mented as a board level product, as a single chip, application
specific integrated circuit (ASIC), or with varying levels inte-
grated on a single chip with other portions of the system as
separate components. The degree of integration of the system
will primarily be determined by speed and cost consider-
ations. Because of the sophisticated nature of modern proces-
sors, 1t 1s possible to utilize a commercially available proces-
sor, which may be implemented external to an ASIC
implementation of the present system. Alternatively, if the
processor 1s available as an ASIC core or logic block, then the
commercially available processor may be implemented as
partof an ASIC device with various functions implemented as
firmware.

The present invention may also be embedded 1n a computer
program product, which comprises all the features enabling
the implementation of the methods described herein, and
which when loaded 1n a computer system 1s able to carry out
these methods. Computer program in the present context may
mean, for example, any expression, 1n any language, code or
notation, of a set of 1nstructions intended to cause a system
having an information processing capability to perform a
particular function either directly or after either or both of the
following: a) conversion to another language, code or nota-
tion; b) reproduction in a different material form. However,
other meanings of computer program within the understand-
ing of those skilled in the art are also contemplated by the
present 1nvention.

While the invention has been described with reference to
certain embodiments, 1t will be understood by those skilled 1n
the art that various changes may be made and equivalents may
be substituted without departing from the scope of the present
invention. In addition, many modifications may be made to
adapt a particular situation or maternal to the teachings of the
present invention without departing from its scope. There-
fore, 1t 1s intended that the present invention not be limited to
the particular embodiments disclosed, but that the present
invention will include all embodiments falling within the
scope of the appended claims.

What 1s claimed 1s:

1. A method for data processing, the method comprising:

in a wireless communication device comprising a virtual

machine user layer, a native user layer, a kernel, and a
video processor, wherein the virtual machine user layer
communicates with the video processor via the native
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user layer, and the native user layer communicates with
the video processor via the kernel:

storing data 1n a first merge buifer allocated in the virtual

machine user layer comprising a virtual machine user
application layer, the data comprising stored requests for
hardware processing;

communicating the data, stored 1n the first merge butler of

the virtual machine user layer, to the kernel via a second
merge buifer in the native user layer when said first
merge builer in said virtual machine layer 1s filled to a
first predetermined level;

storing the data 1n the second merge butfer allocated 1n the

native user layer comprising a native user application
layer; and

communicating the data in the second merge buftier of the

native user layer to the video processor via a kernel
remote procedure call 1n response to the second merge
builer of the native user layer being filled to a second
predetermined level.

2. The method according to claim 1, comprising commu-
nicating said data via an application programming interface.

3. The method according to claim 1, comprising processing
video data 1n said video processor based on said communi-
cated data.

4. The method according to claim 1, comprising commu-
nicating said data from said merge builfer in said virtual
machine layer to said merge builer in said native user layer
when said merge builer in said virtual machine layer 1s full.

5. The method of claim 1 wherein the virtual machine user
layer comprises a virtual machine user library layer, the vir-
tual machine user library layer comprising the merge buffer.

6. The method of claim 1, wherein the data 1s converted into
a format used by the video processor prior to communicating
the data stored 1in the merge bufler of the native user layer to
the video processor.

7. A system for processing 1mages, the system comprising;:

one or more circuits 1n a wireless communication device

comprising a virtual machine user layer, a native user
layer, a kernel, and a video processor, wherein the virtual
machine user layer communicates with the video pro-
cessor via the native user layer, and the native user layer
communicates with the video processor via the kernel,
and said one or more circuits are operable to:

store data, from an application in said virtual machine layer

comprising a virtual machine user application layer, in a
first merge buifer 1n said virtual machine layer;

trigger transmission of contents of the first merge butler 1n

the virtual machine layer to the native user layer in
response to said first merge buller being filled to a first
predetermined level;
store the transmitted contents 1n said native user layer 1n a
second merge buller 1n said native user layer comprising,
a native user application layer;

trigger transmission of contents of the second merge butler
in the native user layer to the kernel in response to said
second merge builer being filled to a second predeter-
mined level; and

communicating the data in the second merge buffer of the

native user layer to the video processor via a kernel
remote procedure call.

8. The system according to claim 7, wherein said one or
more circuits are operable to communicate said data utilizing,
function calls.

9. The system according to claim 8, wherein said function
calls comprise kernel remote procedure calls.
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10. The system according to claim 7, wherein said one or
more circuits are operable to communicate said data via an
application programming interface.

11. The system according to claim 7, wherein said one or
more circuits are operable to process video data 1n said video
processor based on said communicated data.

12. The system according to claim 7, wherein said virtual
machine user layer comprises a Java environment.

13. The system according to claim 7, wherein said one or
more circuits are operable to communicate said data to said
kernel via said native user layer when said first merge buiier

1s full.

14. The system according to claim 7, wherein said one or
more circuits are operable to communicate said data from
said second merge buller to said kernel via said native user
layer when said first merge butfer 1s filled to a predetermined
level.
15. The system of claim 7, wherein said one or more
circuits are operable to: trigger transmission of contents of the
second merge butler in the native user layer to the kernel 1n
response to said first merge buffer being filled to the first
predetermined level.
16. A non-transitory machine-readable storage having
stored thereon, a computer program having at least one code
section for processing audio signals, the at least one code
section being executable by a machine for causing the
machine to perform steps comprising;:
in a wireless communication device comprising a virtual
machine user layer, a native user layer, a kernel, and a
video processor, wherein the virtual machine user layer
communicates with the video processor via the native
user layer, and the native user layer communicates with
the video processor via the kernel:
storing data 1n a first merge builer 1n said virtual machine
user layer comprising a virtual machine user application
layer, the data comprising requests by an application
executing 1n said virtual machine user layer, the requests
for hardware processing by said video processor;

communicating said requests from said first merge butlfer
to said native user layer comprising a native user appli-
cation layer when said first merge builer in said virtual
machine layer 1s filled to a first predetermined level,
wherein said requests are stored 1n a second merge butifer
in said native user layer; and

converting said requests from said second merge buffer

into a format used by said video processor and commu-
nicating said converted requests to the video processor
via the kernel using a user-to-kernel remote procedure
call 1n response to the second merge butler of the native
user layer being filled to a second predetermined level.

17. The non-transitory machine readable storage according
to claim 16, wherein said at least one code section comprises
code for processing video data 1n said video processor based
on said communicated data.

18. The non-transitory machine readable storage according
to claim 16, wherein said virtual machine user layer com-
prises a Java environment.

19. The non-transitory machine readable storage according
to claim 16, wherein said at least one code section comprises
code for communicating said data to said kernel via said
native user layer when said first merge butfer 1s full.

20. The non-transitory machine readable storage according,
to claim 16, wherein said at least one code section comprises
code for commumnicating said data from said first merge buifer
to said kernel via said native user layer when said first merge
butter 1s filled to a predetermined level.
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21. A method for data processing, the method comprising:

in a wireless communication device comprising a virtual
machine user layer, a native user layer, a kernel, and a
video processor, wherein the virtual machine user layer
communicates with the video processor via the native
user layer, and the native user layer communicates with
the video processor via the kernel:

storing data 1n a first merge buffer in the virtual machine

user layer, the virtual machine user layer comprising a
virtual machine user application layer;

communicating the data from a first merge builer in the
virtual machine layer to the native user layer, the native
user layer comprising a native user application layer,
wherein the virtual machine user layer communicates
the data to the native user layer 1n response to the first
merge bulfer being filled to a first predetermined level;
and

communicating the data from the second merge buifer in
the native user layer to the kernel for being processed by
the video processor and converting said data from said
second merge buifer into a format used by said video
processor and communicating said converted requests to
the video processor via the kernel using a user-to-kernel
remote procedure call, wherein the native user layer
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communicates the data in response to the second merge
butfer being filled to a second predetermined level.

22. The method according to claim 21, comprising com-
municating said data to said kernel via said native user layer
when said first merge buffer 1s full.

23. The method of claim 21 wherein the virtual machine
user layer comprises a virtual machine user library layer, the
virtual machine user library layer comprising the first merge
buftfer.

24. The method of claim 21, wherein the virtual machine
user layer 1s operable to pack function arguments into the first
merge bulfer for virtual machine user layer functions.

25. The method of claim 21, wherein the virtual machine
user layer 1s operable to trigger transmission of the first merge
butler to the native user layer and subsequently to the kernel
and the video processor.

26. The method of claim 21, wherein the virtual machine
user layer 1s operable to retrieve a return value from the video
processor via the kernel and the native user layer.

27. The method of claim 26, wherein the virtual machine
user layer 1s operable to store virtual machine user layer
parameters in first the merge builer which are used when
processing calls 1n the virtual machine user layer.
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